Abstract-The influence of antimony ions (Sb 3+ ) in a concentration range of 0.001-0.200 mg/L on the cur rent yield of zinc during the electrolysis of sulfate solutions is investigated. It is established that antimony, in contrast with germanium and tin, promotes an increase in the current yield of zinc under definite conditions. This is caused by the fact that a zinc alloy with antimony, which possesses a potential more positive than zinc, is deposited on separate cathode segments, which is why the discharge of zinc ions proceeds in the depolar ization mode with a higher current yield. A decrease in the current yield of zinc with a fraction of antimony higher than 0.2 mg/L is associated with the prevalent effect of galvanic pairs of antimony with zinc over the electrolysis with the depolarization. It is established that antimony enhances the negative effect of cobalt on the current yield of zinc due to the formation of cobalt alloy with antimony, for which the isolation overvolt age of hydrogen is lower than for zinc.
INTRODUCTION
The role of antimony in the electrolysis of zinc is multifunctional. We can notice its direct influence on the current yield of zinc (η) and enhancement of the "harmful" influence of cobalt on index η under the effect of its ions.
Depending on electrolysis conditions, the follow ing processes can occur on the cathode parallel with the deposition of zinc: deposition of antimony, depo sition of the alloy of antimony with zinc (zinc anti monide ZnSb), deposition of the alloy of cobalt with antimony (cobalt antimonide CoSb), and the forma tion of gaseous antimony hydride (stibine SbH 3 ).
The role of antimony and other "harmful" impuri ties during the electrolysis of zinc is considered in handbooks on metallurgy of lead and zinc [1] [2] [3] [4] [5] [6] [7] .
INFLUENCE OF ANTIMONY ON THE CURRENT YIELD OF ZINC
It is established in [8, 9] that the influence of anti mony on the current yield of zinc is extremal with a maximum. A mathematical model of the process is developed. It should be noted that nonlinearity of such influence of antimony was experimentally found for the first time by Shteingart in 1968 (the Director of the Electrotsink plant at that time in Vladikavkaz). The † Deceased. authors of [2] explained the presence of the maximum in that curve by an increased content of organic impu rities in the electrolyte. It follows from Fig. 1 that antimony, being used separately in a concentration range of 0.001-0.200 mg/L, increases the current yield of zinc. To explain this fact, the following physical sense of occur ring is proposed: the alloy of zinc with antimony ZnSb (zinc antimonide), which possesses the potential more positive than that of zinc, is deposited on separate seg ments of cathode; due to this fact, zinc ions discharge in the depolarization mode with a higher current yield.
Quantity η at [Sb] > 0.2 mg/L is lowered due to the prevalence of the effect of galvanic pairs of Sb and Zn over the depolarization mode. The fabrication of metal alloys by the electrolysis is considered in more detail in [10, 11] .
Plot η Σ = f(Sb, Sn, Ge) is fulfilled based on the experimentally acquired model for a mixture:
The regression model is as follows: (1) where [Me Σ ] is the summary impurity concentration, mg/L, and η max = 0.950 at [Me] = 0.070 mg/L. Figure 2 shows, on the one hand, polarization curves of zinc in both polarization and depolarization modes and, on the other hand, the deposition of anti mony in a limiting current mode (in the demonstra tion variant).
According to the manufacturing data [12, 13] 
derived by processing the experimental data as applied to the powders of the industrial indentation: (2) where J is the limiting current yield necessary for the formation of metal powder, A/m 2 ; and [Me] is the concentration of metal forming the powder in electro lyte, mol/L.
Formula (2) is also equally applicable to other met als (antimony in this case), the standard potential of which in the Volta series is arranged positively relative to manganese (ϕ 0 > -1.0 V).
We should keep in mind that the acid concentration in the solution should be sufficient to prevent the for mation of metal hydrates on the cathode and, in addi tion, provide the high electrical conductivity of the electrolyte. Figure 3 shows the influence of antimony on the enhancement of the negative effect of cobalt on the current yield of zinc. The current yield of zinc lowers insignificantly in electrolytes which contain only cobalt as an impurity, even at its high concentrations (up to 100 mg/L). However, quantity η decreases abruptly with the introduction of antimony into the electrolyte (up to 0.5 mg/L); i.e., the so called syner getic effect, when one substance (Sb) enhances the effect of another substance (Co) on index η, appears. It follows from Eqs. (3) and (4), as well as Fig. 3 , that the variations in the cobalt concentration from 0.5 to 100 mg/L during the electrolysis of solutions con taining no antimony decrease the current yield of zinc by only 6.6%, while a decrease in η by 67.5%, which is larger by a factor of 10.6, is observed in the presence of antimony in solutions ([Sb] = 0.5 mg/L).
SYNERGETIC INFLUENCE OF ANTIMONY ON THE CURRENT YIELD OF ZINC DURING THE ELECTROLYSIS OF COBALT CONTAINING SOLUTIONS
We present below the processes occurring on a zinc cathode: the deposition of zinc, antimony, and alloy of cobalt with antimony CoSb, which enhances the neg ative influence on the current yield of zinc because the overvoltage of isolation of hydrogen on it is lower than on zinc. Simultaneously, SbH 3 is formed on the cath ode due to the interaction of antimony with atomic hydrogen:
THE ROLE OF ANTIMONY IN THE ELIMINATION OF "HARD PEELING
OFF" OF ZINC FROM THE SURFACE OF ALUMINUM CATHODES To lower the effect of "hard peeling off," which appears at an increased fluorine and chlorine content in the electrolyte, the addition of antimony into the elec trolyte is applied. Antimony forms a thin layer of the powderlike precipitate, which does not allow the adher ence of zinc to a matrix, in a limiting current density. A solution of antimony is added into the baths immedi ately before gathering the cathode zinc so that its con centration in a bath is no higher than 0.3 mg/L [3] .
The influence of impurities, particularly antimony, on the electrolysis of zinc is also considered in [15, 16] .
RESULTS AND DISCUSSION
The topicality of the investigation is caused prima rily by the necessity of selecting such electrolysis modes that would make it possible to acquire a high grade product (zinc in our case) with minimal power consumption.
The recovery of zinc by the electrolysis from sulfate solutions is a power consuming processes (3000-3500 kW h/t). According to the laws of electrochemis try, the specific power consumption during the elec trolysis is a function of many variables such as current density, electrochemical equivalent of the substance transformed at the cathode, temperature, the presence η Co ( ) 0.968 0.662 10
of "foreign" ions in the solution (for example, Na 2 SO 4 ), surfactants, and processes occurring at the anode. We present below the generalized (based on the Faraday and Ohm laws) formula associating the spe cific power consumption during the electrolysis (W, kW h/t) with the voltage across the bath (U, V), current yield (η), and electrochemical equivalent (F, g A -1 h -1 ):
For the case U = 3.5 V, q = 1.22 g/(A h), and η = 0.92, the specific power consumption is W = 3118.3 kW h/t, while for η = 0.91 we will find W = 3152.6 kW h/t. From here it follows that the economy of electricity for a zinc plant producing 100000 t/yr of cathode zinc will be 3.43 × 10 6 kW h. Along with this fact, we should notice that, when using antimony, in order to increase the current yield of zinc, we should take into account the limitations caused by the following factors:
(i) the activation of cobalt and nickel ions (when they are present in the electrolyte) by antimony and a substantial decrease in the current yield of zinc in con nection with this fact;
(ii) the undesirability of contamination of cathode zinc by antimony;
(iii) the danger of contamination of the shop atmo sphere by poisonous stibine (SbH 3 ).
As for the fight with a hard peeling off cathode zinc, which is associated with the presence of chlorine and fluorine in the electrolyte by forming the powder like antimony layer on the surface of aluminum matrix, it is more reasonable to remove fluorine and chlorine, which are harmful impurities, from the elec trolyte. Fluorine and chlorine (at their definite con centration in the electrolyte) electrochemically destroy both the lead anode and aluminum cathode. CONCLUSIONS (i) Antimony, in contrast with other harmful impu rities in zinc electrolytes, behaves anomalously; nota bly, at definite concentrations, it increases the current yield of zinc, substantially enhances the negative effect of cobalt (nickel) on this characteristic, and is able to eliminate "hard peeling off" zinc from the surface of aluminum cathodes.
(ii) It is established that antimony enhances the negative effect of cobalt on the current yield of zinc due to the formation of alloys of antimony with zinc and cobalt (zinc and cobalt antimonides), on which the overvoltage of isolation of hydrogen is smaller than on zinc.
(iii) The use of antimony with the purpose of increasing the current yield of zinc and eliminate "hard peeling off" is not constructive due to the appearance of the danger of formation of poisonous 
